ABSTRACT A homogenous batch of dew retted hackled flax was divided into two portions. One was untreated and the other was steamed for 45 Cotton byssinosis has been investigated more thoroughly than flax. There is still an extensive use of flax, and it would be useful to have more direct information on the pulmonary effects of flax dust and how they might be prevented. It has been clearly shown that the acute symptoms of byssinosis are associated with airway narrowing, which is initially reversible.' Normal people, whether subjects exposed for the first time or long term workers in the industry, also respond to the inhalation of textile dusts.' Merchant et al have used this effect to study steaming as a possible preventive measure for cotton byssinosis.2 They found a beneficial effect in an experimental cardroom which was confirmed under factory production conditions.34 The steaming process also affected dust levels and this, in addition to the impracticability of carrying out a double blind crossover trial, made interpretation difficult.
Cotton byssinosis has been investigated more thoroughly than flax. There is still an extensive use of flax, and it would be useful to have more direct information on the pulmonary effects of flax dust and how they might be prevented. It has been clearly shown that the acute symptoms of byssinosis are associated with airway narrowing, which is initially reversible.' Normal people, whether subjects exposed for the first time or long term workers in the industry, also respond to the inhalation of textile dusts. ' Merchant et al have used this effect to study steaming as a possible preventive measure for cotton byssinosis.2 They found a beneficial effect in an experimental cardroom which was confirmed under factory production conditions.34 The steaming process also affected dust levels and this, in addition to the impracticability of carrying out a double blind crossover trial, made interpretation difficult.
We have set up an experimental chamber into which dust may be dispersed to give controlled levels. The bronchoconstrictor responses of normal subjects have been used as a model to compare dust from steamed and untreated flaxes. The amount of dust liberated from these flaxes has also been measured.
Methods

SUBJECTS
The subjects were normal male volunteers aged 25-54 (mean 37) recruited from the managerial staff of the linen industry. One subject was a smoker but he did not smoke on trial days. Two volunteers were excluded from entry to the trial, one because of chronic bronchitis and one because of a history of asthma. treatment time 70 minutes. The steamed flax was then dried by keeping it for three weeks in the same environment as the untreated flax. Dusts from the untreated and steamed flaxes were collected by suction while each flax was passed through a doubler followed by a stapler. It was possible to clean these machines between the dusts, and mixing of the dusts was thereby avoided.
DISPERSAL OF THE DUST
A weighed quantity of dust was placed in an annular groove on a slowly revolving turntable (fig 1) . The dust was lifted from the groove at a rate of 1 g/min using the Venturi effect of an air jet directed into the mouth of a tube (Brauer air mover). The air jet also served to propel the dust laden air along the tube to an input port in the ceiling of the dust room. The tube delivering the dust was directed upwards under an inverted hemisphere suspended over a funnel leading to an input impeller fan. In this way the dust was dispersed in the air entering the room to fairly uniform controlled levels. The 12 subjects were randomly divided into two groups and each group was studied on alternate Mondays. Forced expiratory measurements were made on the group before they entered the dust chamber and after six hours in the chamber. The first group was exposed to untreated flax dust on the first Monday followed by steamed flax on the third Monday. The second group was exposed in the reverse order of steamed flax dust on the second Monday followed by untreated flax dust on the fourth Monday. The subjects and observers were unaware of the treatment given to the dust. This double blind crossover trial was repeated in a second trial in which the order of exposure of the two groups to the untreated and steamed flax dusts was reversed.
STATISTICAL ANALYSIS
Analysis of variance was used to compare means of the three forced expirations on the 12 subjects. The FEV1, FVC, and MEF30 were tested separately. The effect of untreated flax dust was tested by comparing the means obtained before and after inhaling the dust. The effect of steaming was tested by (a) comparing the means after steamed flax dust inhalation with the means after untreated flax dust inhalation; (b) testing for interaction between (i) differences with steamed and untreated flax dusts (dust type) and (ii) after-before differences (dust effect). This latter test takes into account any difference between the means obtained before the untreated and steamed flax dusts were inhaled.
Results
DUST COLLECTION
The untreated dust was passed once through the doubler and once through the stapler; 7-2 g of dust was collected per kilogram of flax. The steamed flax was passed once through the doubler and three times through the stapler; 4*4 g/kg was collected.
PULMONARY EFFECT OF UNTREATED DUST
Appendix 1 shows the mean lung function changes for the individual subjects. Table 1 shows the combined means for the 12 subjects in the first trial. The FEV1, FVC, and MEF5O were reduced by 7-4%, 4-2%, and 14-1% respectively. These decreases were each statistically significant at the 1% probability level. The means before untreated flax dust was inhaled were similar to the means before steamed flax, the differences being less then 60 ml (1.2%) for volume and 100 ml/s (2 5%) for flow, and not statistically significant. Six subjects over a six hour period in the chamber with no dust present showed an increase in mean FEVI of 50 ml, which was not statistically significant. In this trial the absence of dust was visible to the subjects, but the observer who measured lung function was unaware whether or not there had been exposure to dust.
EFFECT OF STEAMING Appendix 1 shows the individual subject mean Table 3 shows the means of the duplicated measurements of dust levels for each trial. The differences between steamed and untreated flax dust levels were not statistically significant.
The aerodynamic particle size distribution in trial 2 is shown in fig 2. One determination was carried out on each day. The means shown are of the two days for each dust. The differences between the steamed and untreated were small and could not be tested for statistical significance with the limited data available. The weight of dust less than 6 ,um was over 60% for both dusts.
SYMPTOMS
Five subjects experienced symptoms with untreated flax but not with steamed flax. Two subjects had more symptoms with untreated than with steamed flax, giving a total of seven of the 12 subjects showing a preference for steamed flax. One subject showed a preference for the untreated flax, having three symptoms with untreated and four symptoms with steamed flax. The remaining four subjects had no symptoms with either flax; table 4 shows the frequency distribution of the symptoms.
Discussion
There were consistent falls in pulmonary function when normal subjects inhaled flax dust at levels similar to those found in a dusty mill. The decreases in FEV, are consistent with bronchoconstriction associated with textile dust inhalation.5 The fall in FEV, in these volunteers who had minimal previous exposure to flax dust is within the range of values reported for mill workers in the industry. Valic and Zuskin found a decrease of 0-42 1 in flax workers exposed to a total dust concentration of 4-36 mg/ m . They also found a decrease of 0-18 l in seven non-byssinotic volunteer workers over a shift at a respirable dust concentration of 3-4 mg/m3.7
The Steaming the flax in an autoclave was found to have the combined useful effects of reducing both the quantity of dust liberated and its byssinotic quality. The reduction in dust liberated is consistent with the lower dust levels after steaming when cotton was used in an experimental cardroom by Merchant et al,2 who also reported lower dust levels in the early stages of processing steamed cotton in a spinning mill but higher levels in the later stages.3 Imbus and Suh reported lower levels with steamed cotton in all work areas in a spinning mill, though with greatest effect in the early stages.4 There have been no studies on steaming in flax mills.
The effect of steaming on the bronchoconstrictor responses is more clearly shown in this study on flax than in previous studies on cotton, because those trials compared responses at different levels of steamed and untreated dust and a double blind crossover comparison was not available.24 The shape and steepness of the dose-response curve for cotton dust level/fall in FEV1 has been the subject of several studies. Combining the data from different papers suggests that the curve rises steeply initially, 0-3 Vmg/m3 from 0 to 1 mg/m3 (derived from data by Merchant et a12), and then less steeply, 0-023 I/mg/ m3 from 1 to 8 mg/m3 (derived from data by Edwards et all"). If these figures apply to flax, in the dose range used in the present experiments, it would not be possible to account for the differences between steamed and untreated flax dust responses by the small differences in dust levels.
This steaming effect suggests that a byssinotic agent in flax dust is water soluble or thermolabile or both. Washing by condensed water vapour was 200 probably a component of our steaming process. We found lower endotoxin levels in dust from the steamed flax. As endotoxin is water soluble but not thermolabile this observation does confirm that washing of the flax did occur. The association between reduction of endotoxin levels in the dust and protection against bronchoconstriction does not prove a causative role for the endotoxin. Challenge of these same subjects with a purified endotoxin extract from flax dust produced no bronchoconstriction (RC Lowry and JP Jamison, unpublished data). Washing alone has been found to be effective in reducing the bronchoconstrictor effect of cotton, whereas oven-heating was not. 2 Edwards found that a combination of washing with some bacteriostatic agent such as ethanol was more effective than washing alone.'2 The dual action of steaming may be acting in a similar way. Differences in the particle size distribution between steamed and untreated flax dusts could not be excluded, but the measurements in the dustroom did not suggest that this was the cause of differences in the pulmonary effects of the dusts.
The degree of steaming carried out in this study produced some weakening of the yarn. The balance between the additional cost of production and the beneficial effect of steaming therefore needs further assessment before the process could be introduced 
